Chick interferon (IFN), produced in primary chick embryo (CE) cells stimulated by u.v.-irradiated Newcastle disease virus, was partially purified by two-step chromatography using both controlled pore glass and Blue Sepharose. The specific activity of the IFN increased about 500-fold by this method and the final recovery from starting material was more than 95%. The partially purified IFN was analysed by SDS-PAGE, and two peaks of IFN activity were observed. The molecular weight represented by the sharp peak was estimated to be 18000 (18K) and a broad peak was found at 20K to 30K. Glycosidase treatment before SDS--PAGE resulted in disappearance of the broad peak and increased the activity of the 18K peak. Anti-CE IFN rabbit serum and a monoclonal antibody against the CE IFN neutralized the antiviral activity of all IFN samples prepared under various conditions.
Interferon (IFN) was first discovered using chick cells and heat-inactivated influenza virus (Isaacs & Lindenmann, 1957) . Although much of the early work on the characterization of IFN was performed with chick IFN, later research focused on mammalian systems, especially murine and human. In the last 10 years, the presence of the ~, /~ and y types has been demonstrated for murine and human IFNs, but no such results about the type characterization of the avian IFNs have been reported. We therefore undertook the purification of CE IFN in order to analyse its molecular nature.
Chick IFN was prepared in primary chick embryo (CE) cells cultured for 7 to 10 days at 37 °C in Eagle's MEM supplemented with 2~ calf serum (CS) by inoculation with u.v.-irradiated Newcastle disease virus (UV-NDV; m.o.i. 30) as described previously (Kohase & Kohno, 1983) . The medium (Eagle's MEM without CS) was collected at 24 h after induction and served as the starting IFN material. IFN was partially purified by a combination of adsorption to and elution from controlled pore glass (CPG) and Blue Sepharose as described previously for the purification of mouse L cell IFN (Fujita & Kohno, 1981) . The recovery und specific activity of IFN at each purification step are summarized in Table 1 . The specific activity of IFN increased 500-fold after the two steps of purification using CPG and Blue Sepharose, and the final recoveries of IFN activities in repeated experiments were found to be more than 95~.
Anti-CE IFN rabbit serum was prepared by immunizing rabbits with the partially purified CE IFN. The sera obtained were exhaustively absorbed with CE cells. The neutralizing titre of this antiserum was ! :2500 when tested against 10 IU/ml of the CE IFN. IFN activity was determined by a modification of Finter's method employing inhibition of Sindbis virus cytopathic effect (Finter, 1969) The partially purified IFN preparations were analysed by SDS-PAGE (Havell et aL, 1977) to determine the molecular weight of CE IFN. As shown in Fig. 1 (a) , two peaks of IFN activity were observed. The molecular weight of the major broad peak was determined to be between 20000 (20K) and 30K. The estimated molecular weight of the other, sharp, peak was 18K. We 0000-6683 © 1986 SGM * CE IFN prepared in serum-free Eagle's MEM was adsorbed to a column of CPG (bed vol. 5 ml) at a flow rate of 120 ml/h. The column was washed with 50 ml buffer (10 mM-glycine-HCl pH 2.5), and IFN was eluted by 20 ml of elution buffer (0.1 M-KCI HC1 pH 2.0). IFN in the elution buffer was applied to the Blue Sepharose column (bed vol. 1 ml), which was then washed extensively with 10 mu-Tris-HCl buffer pH 7.5. The bound IFN was eluted by a high-salt buffer (1 M-NaCI, l0 mM-Tris-HCl pH 7-5). (SFV, m.o.i. 10) or poly(I), poly(C) (50 ~tg/ml, P-L Biochemicals) with DEAEdextran (100 ~tg/ml). After 1 h adsorption, inocula were removed and the cultures were incubated with Eagle's MEM containing 5~o CS for 24 h. Spleen cells (1 x 107/ml) were cultured with F-10 (Gibco) medium containing 5~ foetal CS. NDV (m.o.i. 10) was inoculated to the cultures, which were then incubated in 50/0 CO2 for 3 days at 37 °C. The culture fluids were treated at pH 2.0 for 4 days at 4 °C, and IFN potencies were then determined. IFN from chorioallantoic membrane (CAM) was prepared by inoculating 11-day-old fertile eggs with Sindbis virus (10 s p.f.u./egg), and the allantoic fluids collected at 24 h were assayed for IFN potency after extensive u.v. irradiation to inactivate virus. t IFN potencies were determined by yield reduction of Sindbis virus haemagglutinin (HA) produced in primary CE cells (Oie et al., 1972) after IFN samples were incubated for 1 h at 37 °C with 1 vol. (0.1 ml) of 10-fold diluted rabbit serum and a monoclonal antibody which had been concentrated (200-fold) by ammonium sulphate from the culture fluid of a cell clone (C-5).
The neutralizing titre is defined as the reciprocal of the highest dilution of the antibodies that inhibited the activity of 10 Units IFN as determined by Sindbis virus HA yield reduction. The rabbit serum and monoclonal antibody C-5 were diluted twofold serially with Eagle's MEM (2% CS) in transfer plates (Linbro Co.), and equal volumes (0.05 ml) of IFN s whose titres had been adjusted to 20 IU were added into wells of duplicate rows for each IFN, and then the mixtures were incubated at 37°C for 1 h. § ND, Not done.
then compared the antigenicity of these peaks of IFN activity. IFN fractions of around 30K and 18K were purified twice by preparative slab gel electrophoresis, and the eluted IFNs (100000 to 500000 IU) were bound to cyanogen bromide-activated Sepharose beads (Pharmacia) to purify anti-CE IFN IgG. The IgG purified by specific binding to either 30K or 18K IFN followed by acid buffer (pH 2.5) elution could neutralize the IFN activities in both peaks (data not shown).
To examine the antigenic properties of the two IFN peaks more precisely, we prepared a monoclonal antibody against CE IFN. The monoclonal antibody (C-5) was prepared from culture fluid of a cell clone which was obtained from the spleen of a BALB/c mouse immunized Fig. 1 . SDS-PAG E of (a) semi-purified CE IFN and (b) glycosidase-treated CE IFN. SDS-PAGE was carried out according to the procedure described by Havell et al. (1977) . Prior to electrophoresis, IFN samples were incubated at 37 °C for I h with ! To SDS, then dialysed in 0-01 M-sodium phosphate buffer pH 7.4 with 0.1% SDS. The dialysed samples were then made 10~ in sucrose and electrophoresed for 16 h in 10% polyacrylamide gels with 0.1 ~ SDS in 0.1 M-sodium phosphate buffer pH 7.4. The current applied was 4 mA/gel. For estimation of molecular weight (111), ~ ~C-labelled marker proteins (lysozyme, carbonic anhydrase, ovalbumin, bovine serum albumin, phosphorylase b) were mixed with IFN samples and electrophoresed. Following electrophoresis, the gels were sliced into 1 mm slices, two adjacent slices (referred to as one fraction) were pooled, and then mashed with a glass homogenizer. IFN activity was eluted in 1 ml MEM containing 10% CS and antibiotics at room temperature overnight. (a) Semi-purified and (b) glycosidase-treated (---) or untreated ) IFN samples were electrophoresed.
with CE IFN for hybridoma production (Sato et al., 1985) . This monoclonal antibody completely neutralized the crude CE IFN and both the 18K and 20K to 30K IFNs-( Table 2 ), implying that the CE IFN induced by UV-NDV contains an antigenically single IFN molecule, It has been reported that mouse L cells produce both c~ and/3 IFNs after induction with NDV (Yamamoto & Kawade, 1980) . In contrast to this, we could not demonstrate the presence of two types (c~ and/3) of IFNs in CE IFN preparations.
It was of interest to determine whether the heterogeneity of molecular weights of the IFNs was due to differences in the carbohydrate moiety. Partially purified IFN (10000 IU) was incubated for 20 h at 30 °C with a glycosidase mixture (kindly provided by Dr H. Okazaki, Seikagaku Kogyo Co.) from Diplococcus pneumoniae, which was free of protease and contained endoglycosidase D (25 mU), neuraminidase (5 mU), fl-galactosidase (12 mU) and fl-Nacetylglucosaminidase (65 mU) in 0.1 ml 0.1 M-phosphate buffer pH 6.4. The enzyme-treated IFN samples were analysed by SDS-PAGE (Fig. 1 b) . The major IFN peak disappeared as a result of the enzyme treatment, and almost all the IFN activity was recovered in the 18K peak. On the basis of this result, it can be concluded that the molecular weight heterogeneity of CE IFNs is caused by differences in the sugar moiety, as has already been demonstrated for human and mouse IFNs (Havell et al., 1977; Otto et al., 1980; Stewart et al., 1978; Fujisawa & Kawade, 1981) . Although we could not demonstrate the presence of two types (0~ and/~) of IFN in NDVinduced CE cell IFN preparations, it is possible that as in human cell systems, different types of IFN can be induced by different inducers. Poly(I). poty(C) induces IFN-fl in human diploid fibroblast cells, while Sendal virus induces both IFN-~ and IFN-fl in human leukocyte cells (Havell et al., 1975) . We examined whether the rabbit anti-CE IFN antibody or the monoclonal antibody could discriminate between the two types (~ and fl) of IFN if they exist in any chick IFN preparations. Chick IFN samples were prepared by stimulation of various cells by different inducers. The data shown in Table 2 indicate that the IFN activity of all the preparations so far tested was neutralized completely by these antibodies.
In addition, the neutralizing titres of the antibodies were determined by neutralization tests using 10 Units of the various IFNs. As shown in Table 2 , the antibodies showed about the same titre against all the IFN samples.
All the results presented here indicate that anti-CE IFN rabbit serum contains antibodies against a single type of IFN molecule and that all IFN samples prepared under different conditions consist of antigenically the same type of IFN, suggesting that only one type of IFN (~ or 13) is produced in chick cells when induced either by viruses or by poly(I), poly(C). This work was supported by a Grant-in-Aid for Scientific Research from the Ministry of Education, Science and Culture of Japan.
